The objectives of this study were to clarify the relationship between LMW-GS Glu-D3 gene of Ae. tauschii registered in GenBank and the six Glu-D3 genes including 12 allelic variants of common wheat characterized in our previous studies, and identify novel Glu-D3 genes and haplotypes from Ae. tauschii using gene specific PCR amplification. By searching the NCBI database, 13 LMW-GS genes/pseudogenes of Ae. tauschii were retrieved and classified into five gene families based on their nucleotide similarity with the six Glu-D3 genes of common wheat. Of them, four Ae. tauschii genes, AY585350, AY585354, AY585355 and AY585356 matched GluD3-4, GluD3-5, GluD3-1 and GluD3-2 of common wheat, respectively, and one pseudogene AY585351 matched to GluD3-6, but none of them matched to GluD3-3. In order to identify the Glu-D3 genes from Ae. tauschii corresponding to GluD3-3 and GluD3-6 of common wheat, gene specific primers were developed to amplify 8Á18 Ae. tauschii entries. As a result, two novel Glu-D3 genes, designated as GluDt3-3 and GluDt3-6, were identified. GluDt3-3 showed seven allelic variants or haplotypes at the DNA level in eight Ae. tauschii entries, designated as GluDt3-31, GluDt3-32, GluDt3-33, GluDt3-34, GluDt3-35, GluDt3-36 and GluDt3-37, respectively. Two to eight SNPs were found among the seven haplotypes and 1Á4 amino acid substitutions among the deduced peptides. Multiple sequence alignments showed that the DNA similarity was 99.6Á99.9% among the seven GluDt3-3 haplotypes, and 99.4Á99.7% between these haplotypes and those of common wheat GluD3-3 gene. GluDt3-6 presented seven haplotypes in 18 Ae. tauschii entries, designated as GluDt3-61, GluDt3-62, GluDt3-63, GluDt3-64, GluDt3-65, GluDt3-66 and GluDt3-67, respectively. GluDt3-61 from Ae. tauschii entry Ae38 was the only one haplotype with complete coding sequence, and the other six were all pseudogenes. Compared with GluD3-6 gene of common wheat, GluDt3-61 exhibited a 3-bp insertion, a 42-bp deletion and 11 base substitutions, leading to a glutamine insertion in position 52, 14 amino acid deletion in position 84Á97 and 10 amino acid mutations in its deduced peptide; GluDt3-62 and GluDt3-63 showed a 6-bp insertion, a 24-bp deletion and 15Á21 base substitutions in coding region, of which a nonsense mutation from C to T at position 622 resulted in pseudogenes; GluDt3-64 had five base substitution, including a nonsense mutation at the position 742. GluDt3-65, GluDt3-66 and GluDt3-67 all had a base deletion at position 247, as well as 7Á8 base substitutions, which resulted in frameshift mutations in the three haplotypes. The results indicated that Ae. tauschii also contains six Glu-D3 genes and their allelic variants are even richer than those in common wheat.
Low molecular weight glutenin subunits (LMW-GS) account for about one third of total seed storage proteins and 60% of the gluten fraction in common wheat (BIETZ and WALL 1973) , and were documented to have significant effects on food processing quality (BRITES and CARRILLO 2001; LUO et al. 2001) , which is one of the main breeding targets for quality improvement (GALE 2005) . Most of the LMW-GS are encoded by the complex Glu-3 loci (Glu-A3, Glu-B3 and Glu-D3) on the short arms of chromosomes 1A, 1B and 1D (JACKSON et al. 1983; GUPTA and SHEPHERD 1990) , though other LMW-GS loci have also been reported, such as Glu-B2 and Glu-B4 on chromosome 1B (JACKSON et al. 1985; LIU and SHEPHERD 1995) , Glu-D4 on chromosome 1D and Glu-D5 on chromosome 7D (SREERAMULU and SINGH 1997) . Glu-D3 locus encoded the most abundant LMW-GS that might contribute more to the gluten viscoelasticity of common wheat than that of durum wheat (IKEDA et al. 2006) . MA et al. (2005) showed that the Glu-D3 locus played multifaceted effects in dough physical properties. POGNA et al. (1996) reported that two durum genotypes with the Gli-D1/Glu-D3 translocation from common wheat showed increased dough strength and extensibility and decreased tenacity compared with their wild-types. But, some reports indicated that the effect of Glu-D3 on quality traits was less important in comparison with other loci (EAGLES et al. 2002; BRANLARD et al. 2003) . In our previous studies (ZHAO et al. 2006 (ZHAO et al. , 2007 , six Glu-D3 encoding genes (designated GluD3-1, GluD3-2, GluD3-3, GluD3-4, GluD3-5 and GluD3-6, respectively), including 12 haplotypes, were characterized in eight wheat cultivars carrying Glu-D3 alleles (a, b, c, d and e) defined by protein electrophoretic mobility, indicating that the Glu-D3 locus is a multiple gene locus consisting of at least six different LMW-GS genes that all have allelic variants among different genotypes. It was interesting to note that although the DNA sequences among the six Glu-D3 genes varied significantly (with identity of 80.3Á92.4%), the differences between the haplotypes of each gene were relatively small (99.3Á100%).
The diploid Aegilops tauschii (2n 02x014, DD) is the D-genome donor of hexaploid common wheat (DVORAK et al. 1998 ) and shows extensive allelic variations in seed storage protein compositions, especially in LMW-GS patterns (LAFIANDRA et al. 2000; GIANIBELLI et al. 2001) . The diploid wild species, therefore, is expected to be a useful gene source for quality improvement of common wheat (YAN et al. 2004) . Currently, 13 LMW-GS genes/pseudogenes with complete coding regions from Ae. tauschii have been registered in GenBank. A constructive study on Ae. tauschii genes was carried out by JOHAL et al. (2004) , who characterized the LMW-GS gene family from Ae. tauschii based on the analysis of bacterial artificial chromosome (BAC) clones positive for hybridization with an LMW glutenin probe and found four putative active genes and three pseudogenes, interspersed over at least several hundred kilobases of DNA. However, the corresponding relationships of different Glu-D3 genes between Ae. tauschii and common wheat were not clear. In the present study, we try to make a thorough comparison between the Glu-D3 genes of common wheat characterized in our previous studies (ZHAO et al. 2006 (ZHAO et al. , 2007 and those of Ae. tauschii retrieved from GenBank, and to identify novel Glu-D3 genes and their allelic variants in Ae. tauschii using gene specific PCR amplification, which might provide the novel gluten gene resources and benefit for fully understanding the origin and evolution of Glu-D3 gene family in bread wheat.
MATERIAL AND METHODS

Plant material
Eighteen Ae. tauschii entries, i.e. Ae34, Ae35, Ae37, Ae38, Ae39, Ae42, Ae43, Ae46, Y57, Y59, Y92, Y93, Y95, Y96, Y98, Y99, Wt1 and Wt2, were used to amplify the LMW-GS genes in this study, of which the first 16 were kindly provided by Dr. Lihui Li at the Genbank, Institute of Crop Science, Chinese Academy of Agricultural Sciences (CAAS), and Wt1 and Wt2 were collected from Zhongmu county of Henan Province, China.
Development of PCR primers and sequencing of PCR products
Gene-specific primers were developed based on wheat Glu-D3 gene sequences DQ357057 and DQ357058 (ZHAO et al. 2006) and Ae. tauschii LMW-GS Table 1 . Identity comparison between Glu-D3 genes of common wheat and Glu-D3 genes of Ae. tauschii from GenBank (%, without considering the sequence length and Indels). The gene information of GluD3-11 ÂGluD3-6 were from ZHAO et al. (2006 ZHAO et al. ( , 2007 . b LMW.S4 was assembled from AY585353 (LMW.S4-5?end) and AY585352 (LMW.S4-3?end) without insertion.
Iindicates three pseudogenes. Hereditas 145 (2008) pseudogene AY585351 (JOHAL et al. 2004 ) available in GenBank (http://www.ncbi.nlm.nih.gov), using the method described by ZHANG et al. (2004) . PCR fragments were sequenced on both strands by Beijing AuGCT Biotechnology Co. Ltd (http://www.augct. com). In order to diminish errors in the sequencing of PCR products, PCR reaction and sequencing were repeated 2Á4 times for each sample. Some PCR products (for ) that were difficult to directly sequence were purified, cloned, and sequenced using pGEM † -T Easy Vector cloning System (Promega). Sequence alignments were performed using the software DNAMAN (http://www.lynnon.com).
DNA extraction and PCR amplification
Genomic DNA was extracted from seedlings or seeds using modified CTAB procedure (GALE et al. 2001) . PCR was performed in a reaction volume of 40 ml containing 3U of TaKaRa Taq polymerase, 1 )PCR buffer (1.5 mM MgCl 2 ), 200 mM of each dNTP, 10 pmoles of each primer and approximately 60 ng of template DNA. PCR cycling was 948C for 5 min followed by 38 cycles of 948C for 40 s, 57Á618C for 40 s, 728C for 90 s, and a final extension at 728C for 5 min.
RESULTS AND DISCUSSION
Comparison of Glu-D3 genes in Ae. tauschii from GenBank with those in common wheat Using NCBI search tool (http://www.ncbi.nlm.nih. gov/), 13 LMW-GS Glu-D3 genes/pseudogenes of Ae. tauschii including the seven characterized by Johal et al. (2004) were retrieved from nucleotide databases in GenBank. These genes were compared with the six Glu-D3 genes and their 12 haplotypes identified previously in common wheat (ZHAO et al. 2006 (ZHAO et al. , 2007 , based on their sequence similarity ( Table 1) . The results showed that the 13 Glu-D3 gene sequences of Ae. tauschii could be classified into five groups, which matched to five of the six Glu-D3 genes in common wheat except GluD3-3. Among them, AY585355, AY841013 and AY841014 showed 99.3Á99.8% similarity to GluD3-1; AY585356, DQ287977, DQ287979 and DQ287980 exhibited 98.1Á99.9% similarity to GluD3-2; AY585350 and DQ287978 displayed 98.7Á99.0% similarity to GluD3-4; AY585349 and AY585354 had 98.9Á 99.4% identity with GluD3-5; and AY585351, a pseudogene, showed 97.5% similarity to GluD3-6. This suggested that four LMW-GS genes and a pseudogene of Ae. tauschii corresponding to five of the six wheat Glu-D3 genes were registered in GenBank, but no genes corresponding to GluD3-3 and GluD3-6 were reported. It is well accepted that the hexaploid common wheats (Triticum aestivum L., 2n06x 042, AABBDD) were originated from interspecific hybridization between tetraploid Triticum aestivum turgidum ssp. dicoccum (2n 04x 028, AABB) and diploid Ae. tauschii (2n 0 2x014, DD) (DVORAK et al. 1998 ). The southwestern Asia was considered to be the origin centre of Triticum species and the diploid Asian goatgrass was mainly distributed in the area of southeastern Syria, Iran, Iraq, Transcausia and the western slopes of the Himalayas (KIMBER and FELDMAN 1987) . Therefore, the identification and charicterization of other two Glu-D3 genes from Ae. tauschii of China will be beneficial for understanding the evolutionary process of LMW-GS in common wheat.
Identification of novel LMW-GS genes and their haplotypes at Glu-D3 locus of Ae. tauschii Because of the high base similarity of LMW-GS genes between Ae. tauschii and common wheat, three pairs of primers designed for wheat GluD3-3 gene previously (ZHAO et al. 2006 ) were used to amplify eight entries of Ae. tauschii. Interestingly, the primer sets D3F67/D3R62 for upstream and D3F22/D3R31 for coding region generated a 989-bp and a 974-bp PCR product (Table 2) , respectively, but no PCR fragment was amplified by the downstream primers D3F45/ D3R8. Then, nine pairs of primers for the downstream region were developed based on the SNPs of GluD3-3, from which a primer set T3F32/T3R32 yielded a 902-bp PCR fragment in Ae. tauschii (Table 2) . Based on the overlapping sequences of the three PCR fragments amplified from the upstream, coding and downstream regions, a Glu-D3 gene from Ae. tauschii, designated GluDt3-3, was assembled with a total length of 2195 bp and showed seven allelic variants or haplotypes in the eight entries of Ae. tauschii. They were designated as GluDt3-31 amplified from Ae37, GluDt3-32 from Ae38, GluDt3-33 from Ae42, GluDt3-34 from Ae43, GluDt3-35 from Y98, GluDt3-36 from Y99, and GluDt3-37 from Wt1 and Wt2 ( Fig. 1 , Table 3 ). There were 2Á8 SNPs among the seven haplotypes and 1Á4 amino acid substitutions among the deduced peptides (Appendix 1- Fig. A1 ).
In order to identify the Ae. tauschii genes corresponding to GluD3-6 of common wheat, a pair of primers T3F61/T3R61, covering the whole coding region with a predicted PCR product of 984 bp, was designed based on the pseudogene AY585351 ( Table 2 ). The primer set was then used to amplify the 18 Ae. tauschii entries, of which four showed differences in their electrophoretic patterns (Fig. 2) . After cloning and sequencing the PCR products amplified from the 18 entries, seven haplotypes were detected, which were designated as GluDt3-61 amplified from Ae38, GluDt3-62 from Y95 and Y99, GluDt3-63 from Y96, GluDt3-64 from Ae37, GluDt3-65 from Ae35, Ae39, Ae42, Ae43, Y57, Y59, Y92, Y93 and Y98, GluDt3-66 from Wt1, Wt2 and Ae34, and GluDt3-67 from Ae46 (Fig. 3 , Table 4 ). Among them, GluDt3-61 was the only one haplotype with complete coding sequence, whereas all others were pseudogenes, of which GluDt3-62, GluDt3-63 and GluDt3-64 resulted from nonsense mutations, and GluDt3-65, GluDt3-66 and GluDt3-67 from frameshift mutations. One to 29 SNPs and 0Á3 Indels were found among the seven haplotypes (Table 4) .
Five LMW-GS alleles (a, b, c, d and e) at the Glu-D3 locus of common wheat have been confirmed based on the protein electrophoretic mobility (MCINTOSH et al. 1998 ) and an unconfirmed new allele Glu-D3f was also reported (CIMMYT, unpubl.) . A number of Glu-D3 genes have previously been cloned and characterised in common wheat and Ae. tauschii (IKEDA et al. 2002; JOHAL et al. 2004; ZHAO et al. 2007 ). Although about 200 LMW-GS genes have been registered in GenBank, the corresponding relationships among them were not clear. Previously, we described the Glu-D3 gene variations and revealed that Glu-D3 locus was a multiple gene locus involved in a minimum of six genes with each containing 1Á3 allelic variations, indicating that a LMW-GS allele expressed in protein level is conditioned by a combination of different haplotypes of Glu-D3 genes (ZHAO et al. 2006 (ZHAO et al. , 2007 . Due to the difficulties in distinguishing Glu-D3 alleles by SDS-PAGE gel, it was of great importance to clarify the composition of encoding genes of Glu-D3 alleles in order to distinguish them at the DNA level. In the present study, we identified and characterised novel Ae. tauschii Glu-D3 genes by adopting the same strategy and classified them into six groups in comparison to those from common wheat. The results may be helpful in understanding the origin and evolution of Glu-D3 gene family and their relations between Ae. tauschii and common wheat.
Characterization of GluDt3-3 and GluDt3-6 genes and their comparison with the corresponding gene sequences of common wheat
The allelic variants of GluDt3-3 and GluDt3-6 genes amplified from Ae. tauschii lines all contain complete coding sequences ( Fig. 1, 2 ). In addition, GluDt3-3 gene included the promoter sequence with the endosperm boxes, TATA motif and start codon, and terminator sequence with double-stop codon and AATAAA polyadenylation signals. The deduced amino-acid sequences of the two genes showed that they all had a single open reading frame (Appendix 1- Fig.  A1, A2) . Each haplotype encodes a highly conserved signal peptide of 20 amino acids and a short Nterminal conserved region with 13 amino acids, which was followed by an N-terminal repetitive domain, a C-terminal conserved domain involving three subregions of cysteine-rich, glutamine-rich and final conserved domain. All the deduced LMW glutenin subunits, except pseudogenes with frameshift mutation, showed a typical of eight conserved cysteine (C) residues (Fig. 2, 5 ). GluDt3-3 and GluDt3-6 could be classified into LMW-m and LMW-s subunits, respectively, the same as the corresponding wheat genes.
A total of 23 mutation sites were detected between the haplotypes of Ae. tauschii GluDt3-3 and those of wheat GluD3-3 gene, with 10 in upstream, 12 in coding and one in downstream region (Appendix 1- Table A1 ). Compared with wheat GluD3-31 and GluD3-32 haplotypes, GluDt3-31, GluDt3-32, GluDt3-33, GluDt3-34, GluDt3-35, GluDt3-36 and GluDt3-37 had 7 and 11, 7 and 13, 9 and 8, 11 and 7, 9 and 11, 7 and 9, and 11 and 9 SNPs, respectively, leading to 1Á7 amino acid variations between them. Multiple sequence alignments indicated that the DNA similarity was 99.6Á 99.9% among the seven GluDt3-3 gene haplotypes, and 99.4Á99.7% between these haplotypes and wheat GluD3-3 gene (Table 5) , slightly higher than that between GluD3-31 and GluD3-32 (99.3%). There GluDt3-31 TATCATTCCCCAAAAAAAATCCTTCACACATAGATGGAACTGATGATTCTCAAAAGAAAAAGAGATGGAACTGATTGTGTCATGTCTTAAAAAAAAGATC 100  GluDt3-32 TATCATTCCCCAAAAAAAATCCTTCACACATAGATGGAACTGATGATTCTCAAAAGAAAAAGAGATGGAACTGATTGTGTCATGTCTTAAAAAAAAGATC 100  GluDt3-33 TATCATTCCCCAAAAAAAATCCTTCACACATAGATGGAACTGATGATTCTCAAAAGAAAAAGAGATGGAACTGATTGTGTCATGTCTTAAAAAAAAGATC 100  GluDt3-34 TATCATTCCCCAAAAAAAATCCTTCACACATAGATGGAACTGATGATTCTCAAAAGAAAAAGAGATGGAACTGATTGTGTCATGTCTTAAAAAAAAGATC 100  GluDt3-35 TATCATTCCCCAAAAAAAATCCTTCACACATAGATGGAACTGATGATTCTCAAAAGAAAAAGAGATGGAACTGATTGTGTCATGTCTTAAAAAAAAGATC 100  GluDt3-36 TATCATTCCCCAAAAAAAATCCTTCACACATAGATGGAACTGATGATTCTCAAAAGAAAAAGAGATGGAACTGATTGTGTCATGTCTTAAAAAAAAGATC 100  GluDt3-37 TATCATTCCCCAAAAAAAATCCTTCACACATAGATGGAACTGATGATTCTCAAAAGAAAAAGAGATGGAACTGATTGTGTCATGTCTTAAAAAAAAGATC 100  GluDt3-31 GAACTGATTGTCTAAAAAAAACATAGATGGAACTGATGATTTATCTCCGAAAAAAAGATGGAACTGATGATGACGTGTCTAGAGTTAGGACCAGATATAT 200  GluDt3-32 GAACTGATTGTCTAAAAAAAACATAGATGGAACTGATGATTTATCTCCGAAAAAAgGATGGAACTGATGATGACGTGTCTAGAGTTAGGACCAGATATAT 200  GluDt3-33 GAACTGATTGTCTAAAAAAAACATAGATGGAACTGATGATTTATCTCCGAAAAAAAGATGGAACTGATGATGACGTGTCTAGAGTTAGGACCgGATATAT 200  GluDt3-34 GAACTGATTGTCTAAAAAAAACATAGATGGAACTGATGATTTATCTCCGAAAAAAAGATGGAACTGATGATGACGTGTCTAGAGTTAGGACCgGATATAT 200  GluDt3-35 GAACTGATTGTCTAAAAAAAACATAGATGGAACTGATGATTTATCTCCGAAAAAAAGATGGAACTGATGATGACGTGTCTAGAGTTAGGACCgGATATAT 200  GluDt3-36 GAACTGATTGTCTAAAAAAAACATAGATGGAACTGATGATTTATCTCCGAAAAAAAGATGGAACTGATGATGACGTGTCTAGAGTTAGGACCgGATATAT 200  GluDt3-37 GAACTGATTGTCTAAAAAAAACATAGATGGAACTGATGATTTATCTCCGAAAAAAAGATGGAACTGATGATGACGTGTCTAGAGTTAGGACCgGATATAT 200 GluDt3-31 GCTAGTAGGAGTAGCTTGTAAGAAATTACCATCCTTTACATATAACGGGAATTCGATGAGTCATGTCATGCTCTAGAGGCGTCAGTTCATCTTATCATCT 300 GluDt3-32 GCTAGTAGGAGTAGCTTGTAAGAAATTACCATCCTTTACATATAACGGGAATTCGATGAGTCATGTCATGCTCTAGAGGCGTCAGTTCATCTTATCATCT 300 GluDt3-33 GCTAGTAGGAGTAGCTTGTAAGAAATTACCATCCTTTACATATAACGGGAATTCGATGAGTCATGTCATGCTCTAGAGGCGTCAGTTCATCTTATCATCT 300 GluDt3-34 GCTAGTAGGAGTAGCTTGTAAGAAATTACCATCCTTTACATATAACGGGAATTCGATGAGTCATGTCATGCTCTAGAGGCGTCAGTTCATCTTATCATCT 300 GluDt3-35 GCTAGTAGGAGTAGCTTGTAAGAAATTACCATCCTTTACATATAACGGGAATTCGATGAGTCATGTCATGCTCTAGAGGCGTCAGTTCATCTTATCATCT 300 GluDt3-36 GCTAGTAGGAGTAGCTTGTAAGAAATTACCATCCTTTACATATAACGGGAATTCGATGAGTCATGTCATGCTCTAGAGGCGTCAGTTCATCTTATCATCT 300 GluDt3-37 GCTAGTAGGAGTAGCTTGTAAGAAATTACCATCCTTTACATATAACGGGAATTCGATGAGTCATGTCATtCTCTAGAGGCGTCAGTTCATCTTATCATCT 300 GluDt3-31 TAGAGGAAACTACAAAGTTATTTTTATGAAAAGCAACCAACTCTAGAAGAACCCTCCACACGCAAGGCTTTAATAATCGAGCATATCTTAACAGCCCACA 400 GluDt3-32 TAGAGGAAACTACAAAGTTATTTTTATGAAAAGCAACCAACTCTAGAAGAACCCTCCACACGCAAGGCTTTAATAATCGAGCATATCTTAACAGCCCACA 400 GluDt3-33 TAGAGGAAACTACAAAGTTATTTTTATGAAAAGCAACCAACTCTAGAAGAACCCTCCACACGCAAGGCTTTAATAATCGAGCATATCTTAACAGCCCACA 400 GluDt3-34 TAGAGGAAACTACAAAGTTATTTTTATGAAAAGCAACCAACTCTAGAAGAACCCTCCACACGCAAGGCTTTAATAATCGAGCATATCTTAACAGCCCACA 400 GluDt3-35 TAGAGGAAACTACAAAGTTATTTTTATGAAAAGCAACCAACTCTAGAAGAACCCTCCACACGCAAGGCTTTAATAATCGAGCATATCTTAACAGCCCACA 400 GluDt3-36 TAGAGGAAACTACAAAGTTATTTTTATGAAAAGCAACCAACTCTAGAAGAACCCTCCACACGCAAGGCTTTAATAATCGAGCATATCTTAACAGCCCACA 400 GluDt3-37 TAGAGGAAACTACAAAGTTATTTTTATGAAAAGCAACCAACTCTAGAAGAACCCTCCACACGCAAGGCTTTAATAATCGAGCATATCTTAACAGCCCACA 400 GluDt3-31 CACGATTGCAAACTTAGTCCTACACAAGCTTTGCCTTTCTTGTTTACGGCTGACAGCCTATACAAGGTTCCAAACTCGGTTGCAAAAGTGATACTATCCT 500 GluDt3-32 CACGATTGCAAACTTAGTCCTACACAAGCTTTGCCTTTCTTGTTTACGGCTGACAGCCTATACAAGGTTCCAAACTCGGTTGCAAAAGTGATACTATCCT 500 GluDt3-33 CACGATTGCAAACTTAGTCCTACACAAGCTTTGCCTTTCTTGTTTACGGCTGACAGCCTATACAAGGTTCCAAACTCGGTTGCAAAAGTGATACTATCCT 500 GluDt3-34 CACGATTGCAAACTTAGTCCTACACAAGCTTTGCCTTTCTTGTTTACGGCTGACAGCCTATACAAGGTTCCAAACTCGGTTGCAAAAGTGATACTATCCT 500 GluDt3-35 CACGATTGCAAACTTAGTCCTACACAAGCTTTGCCTTTCTTGTTTACGGCTGACAGCCTATACAAGGTTCCAAACTCGGTTGCAAAAGTGATACTATCCT 500 GluDt3-36 CACGATTGCAAACTTAGTCCTACACAAGCTTTGCCTTTCTTGTTTACGGCTGACAGCCTATACAAGGTTCCAAACTCGGTTGCAAAAGTGATACTATCCT 500 GluDt3-37 CACGATTGCAAACTTAGTCCTACACAAGCTTTGCCTTTCTTGTTTACGGCTGACAGCCTATACAAGGTTCCAAACTCGGTTGCAAAAGTGATACTATCCT 500 GluDt3-31 GATAAGTGTGTGACATGTAAAGTGAATAAGGTGAGTCATATATAGCAAACATCGGGGTTTCTGTACTTTGTGTGTGATCATATGCACAATTAAAAAGCAA 600 GluDt3-32 GATAAGTGTGTGACATGTAAAGTGAATAAGGTGAGTCATATATAGCAAACATCGGGGTTTCTGTACTTTGTGTGTGATCATATGCACAATTAAAAAGCAA 600 GluDt3-33 GATAAGTGTGTGACATGTAAAGTGAATAAGGTGAGTCATATATAGCAAACATCGGGGTTTCTGTACTTTGTGTGTGATCATATGCACAATTAAAAAGCAA 600 GluDt3-34 GATAAGTGTGTGACATGTAAAGTGAATAAGGTGAGTCATATATAGCAAACATCGGGGTTTCTGTACTTTGTGTGTGATCATATGCACAATTAAAAAGCAA 600 GluDt3-35 GATAAGTGTGTGACATGTAAAGTGAATAAGGTGAGTCATATATAGCAAACATCGGGGTTTCTGTACTTTGTGTGTGATCATATGCACAATTAAAAAGCAA 600 GluDt3-36 GATAAGTGTGTGACATGTAAAGTGAATAAGGTGAGTCATATATAGCAAACATCGGGGTTTCTGTACTTTGTGTGTGATCATATGCACAATTAAAAAGCAA 600 GluDt3-37 GATAAGTGTGTGACATGTAAAGTGAATAAGGTGAGTCATATATAGCAAACATCGGGGTTTCTGTACTTTGTGTGTGATCATATGCACAATTAAAAAGCAA 600
GluDt3-31 CTTTGATGATCAATCCAAAAGTACGCGTGTAGCTAGTGCAACCTAACGCATTGTACCAAAAATCATTTCAGATGCATCCAAACGGAATAATTAAAGCTAA 700 GluDt3-32 CTTTGATGATCAATCCAAAAGTACGCGTGTAGCTAGTGCAACCTAACGCATTGTACCAAAAATCATTTCAGATGCATCCAAACGGAATAATTAAAGCTAA 700 GluDt3-33 CTTTGATGATCAATCCAAAAGTACGCGTGTAGCTAGTGCAACCTAACGCATTGTACCAAAAATCATTTCAGATGCATCCAAACaGAATAATTAAAGCTAA 700 GluDt3-34 CTTTGATGATCAATCCAAAAGTACGCGTGTAGCTAGTGCAACCTAACGCATTGTACCAAAAATCATTTCAGATGCATCCAAACaGAATAATTAAAGCTAA 700 GluDt3-35 CTTTGATGATCAATCCAAAAGTACGCGTGTAGCTAGTGCAACCTAACGCATTGTACCAAAAATCATTTCAGATGCATCCAAACaGAATAATTAAAGCTAA 700 GluDt3-36 CTTTGATGATCAATCCAAAAGTACGCGTGTAGCTAGTGCAACCTAACGCATTGTACCAAAAATCATTTCAGATGCATCCAAACGGAATAATTAAAGCTAA 700 GluDt3-37 CTTTGATGATCAATCCAAAAGTACGCGTGTAGCTAGTGCAACCTAACGCATTGTACCAAAAATCATTTCAGATGCATCCAAACaGAATAATTAAAGCTAA 700 GluDt3-31 TGCAAAGAAGAAAAGAGGTGGTGCCCAGGCTACTATAAATAGGCATGAAGTATAAAGATCATCACAAGCACAAGCATCAAAACCAAGCAACACTAGTTAA 800 GluDt3-32 TGCAAAGAAGAAAAGAGGTGGTGCCCAGGCTACTATAAATAGGCATGAAGTATAAAGATCATCACAAGCACAAGCATCAAAACCAAGCAACACTAGTTAA 800 GluDt3-33 TGCAAAGAAGAAAAGAGGTGGTGCCCAGGCTACTATAAATAGGCATGAAGTATAAAGATCATCACAAGCACAAGCATCAAAACCAAGCAACACTAGTTAA 800 GluDt3-34 TGCAAAGAAGAAAAGAGGTGGTGCCCAGGCTACTATAAATAGGCATGAAGTATAAAGATCATCACAAGCACAAGCATCAAAACCAAGCAACACTAGTTAA 800 GluDt3-35 TGCAAAGAAGAAAAGAGGTGGTGCCCAGGCTACTATAAATAGGCATGAAGTATAAAGATCATCACAAGCACAAGCATCAAAACCAAGCAACACTAGTTAA 800 GluDt3-36 TGCAAAGAAGAAAAGAGGTGGTGCCCAGGCTACTATAAATAGGCATGAAGTATAAAGATCATCACAAGCACAAGCATCAAAACCAAGCAACACTAGTTAA 800 GluDt3-37 TGCAAAGAAGAAAAGAGGTGGTGCCCAGGCTACTATAAATAGGCATGAAGTATAAAGATCATCACAAGCACAAGCATCAAAACCAAGCAACACTAGTTAA 800 GluDt3-31 CACTAATCCACCATGAAGACCTTCCTCATCTTTGCCCTCCTCGCCGTTGCGGCAACAAGTGCCATTGCACAAATGGAGAATAGCCACATCCCTGGTTTGG 900 GluDt3-32 CACTAATCCACCATGAAGACCTTCCTCATCTTTGCCCTCCTCGCCGTTGCGGCAACAAGTGCCATTGCACAAATGGAGAATAGCCACATCCCTGGTTTGG 900 GluDt3-33 CACTAATCCACCATGAAGACCTTCCTCATCTTTGCCCTCCTCGCCGTTGCGGCAACAAGTGCCATTGCACAAATGGAGAATAGCCACATCCCTGGTTTGG 900 GluDt3-34 CACTAATCCACCATGAAGACCTTCCTCATCTTTGCCCTCCTCGCCGTTGCGGCAACAAGTGCCATTGCACAAATGGAGAATAGCCACATCCCTGGTTTGG 900 GluDt3-35 CACTAATCCACCATGAAGACCTTCCTCATCTTTGCCCTCCTCGCCGTTGCGGCAACAAGTGCCATTGCACAAATGGAGAATAGCCACATCCCTGGTTTGG 900 GluDt3-36 CACTAATCCACCATGAAGACCTTCCTCATCTTTGCCCTCCTCGCCGTTGCGGCAACAAGTGCCATTGCACAAATGGAGAATAGCCACATCCCTGGTTTGG 900 GluDt3-37 CACTAATCCACCATGAAGACCTTCCTCATCTTTGCCCTCCTCGCtGTTGCGGCAACAAGTGCCATTGCACAAATGGAGAATAGCCACATCCCTGGTTTGG 900 GluDt3-31 AGAAACCATCGCAGCAACAACCATTACCACTGCAACAAACATTATCGCACCACCAACAACAACAACCCGTCCAACAACAACCACAACCATTTCCACAACA 1000 GluDt3-32 AGAAACCATCGCAGCAACAACCATTACCACTGCAACAAACATTATCGCACCAaCAACAACAACAACCCGTCCAACAACAACCACAACCATTTCCACAACA 1000 GluDt3-33 AGAAACCATCGCAGCAACAACCATTACCACTGCAACAAACATTATCGCACCAaCAACAACAACAACCCGTCCAACAACAACCACAACCATTTCCACAACA 1000 GluDt3-34 AGAAACCATCGCAGCAACAACCATTACCACTGCAACAAACATTATCGCACCACCAACAACAACAACCCGTCCAACAACAACCACAACCATTTCCACAACA 1000 GluDt3-35 AGAAACCATCGCAGCAACAACCATTACCACTGCAACAAACATTATCGCACCAaCAACAACAACAACCCGTCCAACAACAACCACAACCATTTCCACAACA 1000 GluDt3-36 AGAAACCATCGCAGCAACAACCATTACCACTGCAACAAACATTATCGCACCAaCAACAACAACAACCCGTCCAACAACAACCACAACCATTTCCACAACA 1000 GluDt3-37 AGAAACCATCGCAGCAACAACCATTACCACTGCAACAAACATTATCGCACCAaCAACAACAACAACCCGTCCAACAACAACCACAACCATTTCCACAACA 1000 GluDt3-31 GCAACCATGTTCACAGCAACAACAACCACCATTATCGCAGCAACAACAACCACCATTTTCACAACAACAACCACCATTTTCGCAGCAACAACAACCATCA 1100 GluDt3-32 GCAACCATGTTCACAGCAACAACAACCACCATTATCGCAGCAACAACAACCACCATTTTCACAACAACAACCACCATTTTCGCAGCAACAACAACCATCA 1100 GluDt3-33 GCAACCATGTTCACAGCAACAACAACCACCATTATCGCAGCAACAACAACCACCATTTTCACAACAACAACCACCATTTTCGCAGCAACAACAACCATCA 1100 GluDt3-34 GCAACCATGTTCACAGCAACAACAACCACCATTATCGCAGCAACAACAACCACCATTTTCACAACAACAACCACCATTTTCGCAGCAACAACAACCATCA 1100 GluDt3-35 GCAACCATGTTCACAGCAACAACAACCACCATTATCGCAGCAACAACAACCACCATTTTCACAACAACAACCACCATTTTCGCAGCAACAACAACCATCA 1100 GluDt3-36 GCAACCATGTTCACAGCAACAACAACCACCATTATCGCAGCAACAACAACCACCATTTTCACAACAACAACCACCATTTTCGCAGCAACAACAACCATCA 1100 GluDt3-37 GCAACCATGTTCACAGCAACAACAACCACCATTATCGCAGCAACAACAACCACCATTTTCACAACAACAACCACCATTTTCGCAGCAACAACAACCATCA 1100 GluDt3-31 TTTTCGCAGCAACAACAACCACCATTTTCACAGCAACAACCACCATTTTCGCAGCAACAACAACCAGTTCTACCGCAACAACCATCATTTTCGCAGCAAC 1200 GluDt3-32 TTTTCGCAGCAACAACAACCACCATTTTCACAGCAACAACCACCATTTTCGCAGCAACAACAACCAGTTCTACCGCAACAACCATCATTTTCGCAGCAAC 1200 GluDt3-33 TTTTCGCAGCAACAACAACCACCATTTTCACAGCAACAACCACCATTTTCGCAGCAACAACAACCAGTTCTACCGCAACAACCATCATTTTCGCAGCAAC 1200 GluDt3-34 TTTTCGCAGCAACAACAACCACCATTTTCACAGCAACAACCACCATTTTCGCAGCAACAACAACCAGTTCTACCGCAACAACCATCATTTTCGCAGCAAC 1200 GluDt3-35 TTTTCGCAGCAACAACAACCACCATTTTCACAGCAACAACCACCATTTTCGCAGCAACAACAACCAGTTCTACCGCAACAACCATCATTTTCGCAGCAAC 1200 GluDt3-36 TTTTCGCAGCAACAACAACCACCATTTTCACAGCAACAACCACCATTTTCGCAGCAACAACAACCAGTTCTACCGCAACAACCATCATTTTCGCAGCAAC 1200 GluDt3-37 TTTTCGCAGCAACAACAACCACCATTTTCACAGCAACAACCACCATTTTCGCAGCAACAACAACCAGTTCTACCGCAACAACCATCATTTTCGCAGCAAC 1200 GluDt3-31 AACTACCACCATTTTCACAGCAACAACCACCGTTTTCGCAACAACAACAACCAGTACTACCGCAACAACCACCATTTTCGCAACAACAACAACCAATTCT 1300 GluDt3-32 AACTACCACCATTTTCACAGCAACAACCACCGTTTTCGCAACAACAACAACCAGTACTACCGCAACAACCACCATTTTCGCAACAACAACAACCAATTCT 1300 GluDt3-33 AACTAtCACCATTTTCACAGCAACAACCACCGTTTTCGCAACAACAACAACCAGTACTACCGCAACAACCACCATTTTCGCAACAACAACAACCAATTCT 1300 GluDt3-34 AACTACCACCATTTTCACAGCAACAACCACCGTTTTCGCAACAACAgCAACCAGTACTACCGCAACAACCACCATTTTCGCAACAACAACAACCAATTCT 1300 D3R62 D3F22 Figure. 1 (Continued) were 1Á7 amino acid variations between their predicted peptides (Table 3) .
In the 37 mutation sites (including 33 SNPs and 4 Indels) of GluDt3-6 haplotypes, only two (positions 130 and 250) were completely different from wheat GluD3-6 gene (Table 4) . Multiple sequence alignments indicated that the DNA similarity was 97.6Á99.9% among the seven luDt3-6 gene haplotypes, 97.6Á99.5% between these haplotypes and wheat GluD3-6 gene, and 97.1Á98.1% between these haplotypes and pseudogene AY585351 (Table 5) . Compared with GluD3-6, the gene GluDt3-61 showed a 3-bp insertion at position 163Á165, a 42-bp deletion at position 260Á 301 and 11 base substitutions in the coding region, leading to a glutamine (Q) insertion in position 52, 14 amino acid deletion in position 84Á97 and 10 amino acid mutations in the deduced peptides. GluDt3-62 and GluDt3-63 exhibited a 6-bp insertion at position AACTAtCACCATTTTCACAGCAACAACCACCGTTTTCGCAACAACAACAACCAGTACTACCGCAACAACCACCATTTTCGCAACAACAACAACCAATTCT 1300 GluDt3-36 AACTACCACCATTTTCACAGCAACAACCACCGTTTTCGCAACAACAACAACCAGTACTACCGCAACAACCACCATTTTCGCAACAACAACAACCAATTCT 1300 GluDt3-37 AACTACCACCATTTTCACAGCAACAACCACCGTTTTCGCAACAACAACAACCAGTACTACCGCAACAACCACCATTTTCGCAACAACAACAACCAATTCT 1300
GluDt3-31 ACCGCAACAACCACCATTTTCGCAACAACAACAACAACCAGTTCTACCGCAACAACAAATACTATTTGTTCATCCATCTATCTTGCAGCAGCTAAACCCA 1400 GluDt3-32 ACCGCAACAACCACCATTTTCGCAACAACAACAACAACCAGTTCTACCGCAACAACAAATACTATTTGTTCATCCATCTATCTTGCAGCAGCTAAACCCA 1400 GluDt3-33 ACCGCAACAACCACCATTTTCGCAACAACAACAACAACCAGTTCTACCGCAACAACAAATACcATTTGTTCATCCATCTATCTTGCAGCAGCTAAACCCA 1400 GluDt3-34 ACCGCAACAACCACCATTTTCGCAACAACAACAACAACCAGTTCTACCGCAACAACAAATACcATTTGTTCATCCATCTATCTTGCAGCAGCTAAACCCA 1400 GluDt3-35 ACCGCAACAACCACCATTTTCGCAACAACAACAACAACCAGTTCTACCGCAACAACAAATACcATTTGTTCATCCATCTATCTTGCAGCAGCTAAACCCA 1400 GluDt3-36 ACCGCAACAACCACCATTTTCGCAACAACAACAACAACCAGTTCTACCGCAACAACAAATACTATTTGTTCATCCATCTATCTTGCAGCAGCTAAACCCA 1400 GluDt3-37 ACCGCAACAACCACCATTTTCGCAACAACAACAACAACCAGTTCTACCGCAACAACAAATACcATTTGTTCATCCATCTATCTTGCAGCAGCTAAACCCA 1400 GluDt3-31 TGCAAGGTATTCCTCCAGCAGCAATGCAGCCCTGTGGCAATGCCACAAAGTCTTGCTAGGTCGCAAATGTTGCAGCAGAGCAGTTGCCATGTGATGCAAC 1500 GluDt3-32 TGCAAGGTATTCCTCCAGCAGCAATGCAGCCCTGTGGCAATGCCACAAAGTCTTGCTAGGTCGCAAATGTTGCAGCAGAGCAGTTGCCATGTGATGCAAC 1500 GluDt3-33 TGCAAGGTATTCCTCCAGCAGCAATGCAGCCCTGTGGCAATGCCACAAAGTCTTGCTAGGTCGCAAATGTTGCAGCAGAGCAGTTGCCATGTGATGCAAC 1500 GluDt3-34 TGCAAGGTATTCCTCCAGCAGCAATGCAGCCCTGTGGCAATGCCACAAAGTCTTGCTAGGTCGCAAATGTTGCAGCAGAGCAGTTGCCATGTGATGCAAC 1500 GluDt3-35 TGCAAGGTATTCCTCCAGCAGCAATGCAGCCCTGTGGCAATGCCACAAAGTCTTGCTAGGTCGCAAATGTTGCAGCAGAGCAGTTGCCATGTGATGCAAC 1500 GluDt3-36 TGCAAGGTATTCCTCCAGCAGCAATGCAGCCCTGTGGCAATGCCACAAAGTCTTGCTAGGTCGCAAATGTTGCAGCAGAGCAGTTGCCATGTGATGCAAC 1500 GluDt3-37 TGCAAGGTATTCCTCCAGCAGCAATGCAGCCCTGTGGCAATGCCACAAAGTCTTGCTAGGTCGCAAATGTTGCAGCAGAGCAGTTGCCATGTGATGCAAC 1500 GluDt3-31 AACAATGTTGCCAGCAGTTGCCGCAAATCCCCCAGCAATCCCGCTATGAGGCAATCCGTGCTATCATCTACTCCATCATCCTGCAAGAACAACAACAGGT 1600 GluDt3-32 AACAATGTTGCCAGCAGTTGCCGCAAATCCCCCAGCAATCCCGCTATGAGGCAATCCGTGCTATCATCTACTCCATCATCCTGCAAGAACAACAACAGGT 1600 GluDt3-33 AACAATGTTGCCAGCAGTTGCCGCAAATCCCCCAGCAATCCCGCTATGAGGCAATCCGTGCTATCATCTACTCCATCATCCTGCAAGAACAACAACAGGT 1600 GluDt3-34 AACAATGTTGCCAGCAGTTGCCGCAAATCCCCCAGCAATCCCGCTATGAGGCAATCCGTGCTATCATCTACTCCATCATCCTGCAAGAACAACAACAGGT 1600 GluDt3-35 AACAATGTTGCCAGCAGTTGCCGCAAATCCCCCAGCAATCCCGCTATGAGGCAATCCGTGCTATCATCTACTCCATCATCCTGCAAGAACAACAACAGGT 1600 GluDt3-36 AACAATGTTGCCAGCAGTTGCCGCAAATCCCCCAGCAATCCCGCTATGAGGCAATCCGTGCTATCATCTACTCCATCATCCTGCAAGAACAACAACAGGT 1600 GluDt3-37 AACAATGTTGCCAGCAGTTGCCGCAAATCCCCCAGCAATCCCGCTATGAGGCAATCCGTGCTATCATCTACTCCATCATCCTGCAAGAACAACAACAGGT 1600
GluDt3-31 TCAGGGTTCCATCCAAACTCAGCAGCAGCAACCCCAAGAGTTGGGCCAATGTGTTTCCCAACCCCAACAGCAGTCGCAGCAGCAACTCGGGCAACAACCT 1700 GluDt3-32 TCAGGGTTCCATCCAAACTCAGCAGCAGCAACCCCAAGAGTTGGGCCAATGTGTTTCCCAACCCCAACAGCAGTCGCAGCAGCAACTCGGGCAACAACCT 1700 GluDt3-33 TCAGGGTTCCATCCAAACTCAGCAGCAGCAACCCCAAcAGTTGGGCCAATGTGTTTCCCAACCCCAACAGCAGTCGCAGCAGCAACTCGGGCAACAACCT 1700 GluDt3-34 TCAGGGTTCCATCCAAACTCAGCAGCAGCAACCCCAAcAGTTGGGCCAATGTGTTTCCCAACCCCAACAGCAGTCGCAGCAGCAACTCGGGCAACAACCT 1700 GluDt3-35 TCAGGGTTCCATCCAAACTCAGCAGCAGCAACCCCAAGAGTTGGGCCAATGTGTTTCCCAACCCCAACAGCAGTCGCAGCAGCAACTCaGGCAACAACCT 1700 GluDt3-36 TCAGGGTTCCATCCAAACTCAGCAGCAGCAACCCCAAcAGTTGGGCCAATGTGTTTCCCAACCCCAACAGCAGTCGCAGCAGCAACTCGGGCAACAACCT 1700 GluDt3-37 TCAGGGTTCCATCCAAACTCAGCAGCAGCAACCCCAAcAGTTGGGCCAATGTGTTTCCCAACCCCAACAGCAGTCGCAGCAGCAACTCGGGCAACAACCT 1700 GluDt3-31 CAACAACAACAATTGGCACAGGGTACCTTTTTGCAGCCACACCAGATAGCTCAGCTTGAGGTGATGACTTCCATTGCGCTCCGTACCCTACCAACGATGT 1800 GluDt3-32 CAACAACAACAATTGGCACAGGGTACCTTTTTGCAGCCACACCAGATAGCTCAGCTTGAGGTGATGACTTCCATTGCGCTCCGTACCCTACCAACGATGT 1800 GluDt3-33 CAACAACAACAATTGGCACAGGGTACCTTTTTGCAGCCACACCAGATAGCTCAGCTTGAGGTGATGACTTCCATTGCGCTCCGTACCCTACCAACGATGT 1800 GluDt3-34 CAACAACAACAATTGGCACAGGGTACCTTTTTGCAGCCACACCAGATAGCTCAGCTTGAGGTGATGACTTCCATTGCGCTCCGTACCCTACCAACGATGT 1800 GluDt3-35 CAACAACAACAATTGGCACAGGGTACCTTTTTGCAGCCACACCAGATAGCTCAGCTTGAGGTGATGACTTCCATTGCGCTCCGTACCCTACCAACGATGT 1800 GluDt3-36 CAACAACAACAATTGGCACAGGGTACCTTTTTGCAGCCACACCAGATAGCTCAGCTTGAGGTGATGACTTCCATTGCGCTCCGTACCCTACCAACGATGT 1800 GluDt3-37 CAACAACAACAATTGGCACAGGGTACCTTTTTGCAGCCACACCAGATAGCTCAGCTTGAGGTGATGACTTCCATTGCGCTCCGTACCCTACCAACGATGT 1800 GluDt3-31 GCCGTGTCAATGTGCCGTTGTATAGAACCACCACTAGTGTGCCATTCGGCGTTGGCGCCGGAGTTGGTGCCTACTGATAAGGAAAGGTCTCTAGTAATAT 1900 GluDt3-32 GCCGTGTCAATGTGCCGTTGTATAGAACCACCACTAGTGTGCCATTCGGCGTTGGCGCCGGAGTTGGTGCCTACTGATAAGGAAAGGTCTCTAGTAATAT 1900 GluDt3-33 GCCGTGTCAATGTGCCGTTGTATAGAACCACCACTAGTGTGCCATTCGGCGTTGGCGCCGGAGTTGGTGCCTACTGATAAGGAAAGGTCTCTAGTAATAT 1900 GluDt3-34 GCCGTGTCAATGTGCCGTTGTATAGAACCACCACTAGTGTGCCATTCGGCGTTGGCGCCGGAGTTGGTGCCTACTGATAAGGAAAGGTCTCTAGTAATAT 1900 GluDt3-35 GCCGTGTCAATGTGCCGTTGTATAGAACCACCACTAGTGTGCCATTCGGCGTTGGCGCCGGAGTTGGTGCCTACTGATAAGGAAAGGTCTCTAGTAATAT 1900 GluDt3-36 GCCGTGTCAATGTGCCGTTGTATAGAACCACCACTAGTGTGCCATTCGGCGTTGGCGCCGGAGTTGGTGCCTACTGATAAGGAAAGGTCTCTAGTAATAT 1900 GluDt3-37 GCCGTGTCAATGTGCCGTTGTATAGAACCACCACTAGTGTGCCATTCGGCGTTGGCGCCGGAGTTGGTGCCTACTGATAAGGAAAGGTCTCTAGTAATAT 1900 GluDt3-31 ATAGTTGGATCACCGTTGTTTAGTCGATGGATATGTCGATGCAGCGGTGACAAATAAAGTGTCACACAACGTCGTGTGTGACCCGCCCAAACTAGTTGTT 2000 GluDt3-32 ATAGTTGGATCACCGTTGTTTAGTCGATGGATATGTCGATGCAGCGGTGACAAATAAAGTGTCACACAACGTCGTGTGTGACCCGCCCAAACTAGTTGTT 2000 GluDt3-33 ATAGTTGGATCACCGTTGTTTAGTCGATGGATATGTCGATGCAGCGGTGACAAATAAAGTGTCACACAACGTCGTGTGTGACCCGCCCAAACTAGTTGTT 2000 GluDt3-34 ATAGTTGGATCACCGTTGTTTAGTCGATGGATATGTCGATGCAGCGGTGACAAATAAAGTGTCACACAACGTCGTGTGTGACCCGCCCAAACTAGTTGTT 2000 GluDt3-35 ATAGTTGGATCACCGTTGTTTAGTCGATGGATATGTCGATGCAGCGGTGACAAATAAAGTGTCACACAACGTCGTGTGTGACCCGCCCAAACTAGTTGTT 2000 GluDt3-36 ATAGTTGGATCACCGTTGTTTAGTCGATGGATATGTCGATGCAGCGGTGACAAATAAAGTGTCACACAACGTCGTGTGTGACCCGCCCAAACTAGTTGTT 2000 GluDt3-37 ATAGTTGGATCACCGTTGTTTAGTCGATGGATATGTCGATGCAGCGGTGACAAATAAAGTGTCACACAACGTCGTGTGTGACCCGCCCAAACTAGTTGTT 2000 GluDt3-31 TAAATTCTGAAATAAAATACAAATAAAGTTGTATCAAGACAATGTTCATATTGGCATTGTGTGGATGTCCATATGATTGCCATGCTTGCAAGTTCATAAG 2100 GluDt3-32 TAAATTCTGAAATAAAATACAAATAAAGTTGTATCAAGACAATGTTCATATTGGCATTGTGTGGATGTCCATATGATTGCCATGCTTGCAAGTTCATAAG 2100 GluDt3-33 TAAATTCTGAAATAAAATACAAATAAAGTTGTATCAAGACAATGTTCATATTGGCATTGTGTGGATGTCCATcTGATTGCCATGCTTGCAAGTTCATAAG 2100  GluDt3-34 TAAATTCTGAAATAAAATACAAATAAAGTTGTATCAAGACAATGTTCATATTGGCATTGTGTGGATGTCCATcTGATTGCCATGCTTGCAAGTTCATAAG 2100  GluDt3-35 TAAATTCTGAAATAAAATACAAATAAAGTTGTATCAAGACAATGTTCATATTGGCATTGTGTGGATGTCCATATGATTGCCATGCTTGCAAGTTCATAAG 2100  GluDt3-36 TAAATTCTGAAATAAAATACAAATAAAGTTGTATCAAGACAATGTTCATATTGGCATTGTGTGGATGTCCATcTGATTGCCATGCTTGCAAGTTCATAAG 2100  GluDt3-37 TAAATTCTGAAATAAAATACAAATAAAGTTGTATCAAGACAATGTTCATATTGGCATTGTGTGGATGTCCATcTGATTGCCATGCTTGCAAGTTCATAAG 2100   GluDt3-31 TTTGTCTTTCCTGGTCACAAGCGCAACCTGGTGCCTTAATTAATTATGCATGTATTGGAATAATTACTATTTAAATATAATAGTGTTACTGTAAA  2195  GluDt3-32 TTTGTCTTTCCTGGTCACAAGCGCAACCTGGTGCCTTAATTAATTATGCATGTATTGGAATAATTACTATTTAAATATAATAGTGTTACTGTAAA  2195  GluDt3-33 TTTGTCTTTCCTGGTCACAAGCGCAACCTGGTGCCTTAATTAATTATGCATGTATTGGAATAATTACTATTTAAATATAATAGTGTTACTGTAAA  2195  GluDt3-34 TTTGTCTTTCCTGGTCACAAGCGCAACCTGGTGCCTTAATTAATTATGCATGTATTGGAATAATTACTATTTAAATATAATAGTGTTACTGTAAA  2195  GluDt3-35 TTTGTCTTTCCTGGTCACAAGCGCAACCTGGTGCCTTAATTAATTATGCATGTATTGGAATAATTACTATTTAAATATAATAGTGTTACTGTAAA  2195  GluDt3-36 TTTGTCTTTCCTGGTCACAAGCGCAACCTGGTGCCTTAATTAATTATGCATGTATTGGAATAATTACTATTTAAATATAATAGTGTTACTGTAAA  2195  GluDt3- 163Á168, a 24-bp deletion at position 711Á734, and 15Á 21 base substitutions in coding region, including a nonsense mutation from C to T at position 622 resulting in pseudogenes. GluDt3-64 had no Indels, but five base substitutions, one of which was also a nonsense mutation (C to T) located at position 742.
GluDt3-65, GluDt3-66 and GluDt3-67 presented 7Á8 base substitutions, as well as a base deletion at position 247, resulting in frameshift mutations. Based on the variability of LMW-GS genes in Ae tauschii and their similarity with those of common wheat in this study, it is confirmed that Ae. tauschii is GluDt 3-61
GluDt 3-62 the ancestral species and the D-genome donor of hexaploid common wheat. Apart from the four LMW-GS genes retrieved from GenBank, we successfully amplified and characterized two other LMW-GS genes at Glu-D3 locus of chromosome 1D in Ae. tauschii, which matched to the six Glu-D3 genes in common wheat (ZHAO et al. 2006 (ZHAO et al. , 2007 . Previous studies (MASCI et al. 1991; LAFIANDRA et al. 2000; PFLUGER et al. 2001) have revealed that the LMW-GS compositions in Ae. tauschii possess a much wider variation in pattern than the D-genome encoded LMW-GS in common wheat. In the two LMW-GS genes characterized in this study, GluDt3-3 had seven allelic variants in eight Ae. tauschii entries, whereas the corresponding gene GluD3-3 contained only two haplotypes in eight common wheat cultivars; GluDt3-6 had abundant allelic variations including nonsense mutations, frameshift mutations and long fragment Indels, whereas no allelic variation was found for GluD3-6 gene in eight wheat cultivars (ZHAO et al. 2007 ). This may indicate that only a small number of Ae. tauschii genotypes of restricted geographic origin were involved in the polyploidisation process during the formation of common wheat, and the genetic diversity for the D-genome in common wheat was relatively narrow (YAN et al. 2004) . It is expected that the extensive allelic variations of LMW-GS genes presented in wild diploid species could increase the genetic diversity of common wheat in quality improvement. Fig. A1 . Alignments of deduced amino-acid sequences (Pt-31 to Pt-37) of 7 GluDt3-3 haplotypes and those (P-31 and P-32) of 2 wheat GluD3-3 genes. The positions of the eight cysteine residues are marked with bold letter and underline. The mutation sites are shadowed. Filled nabla the beginning of short N-terminal conserved region; Open nabla the beginning of N-terminal repetitive domain; Down arrow the beginning of the three subregions of C-terminal part of the protein which indicate a cysteine-rich region, a glutamine-rich region and the final conserved part of the protein, respectively. Fig. A2 . Alignments of deduced amino-acid sequences (Pt-61 to Pt-67) of seven GluDt3-6 haplotypes and Ay585351, and P-6 deduced from wheat GluD3-6 gene. The positions of the eight cysteine residues are marked with bold letter and underlined. The mutation sites are shadowed. Filled symbols the beginning of short N-terminal conserved region; open symbols the beginning of N-terminal repetitive domain; down arrow the beginning of the three subregions of C-terminal part of the protein which indicate a cysteine-rich region, a glutamine-rich region and the final conserved part of the protein, respectively. Filled triangle indicates the sites of frameshift or nonsense mutations in the corresponding pseudogenes.
